Chiral and isomeric analysis by electrospray ionization and sonic spray ionization using the fixed-ligand kinetic method.
The fixed-ligand version of the kinetic method has been used for chiral and for isomeric analysis by studying the dissociation kinetics of transition metal-bound trimeric cluster ions ([(M(II) + L(fixed)-H)(ref*)(An)](+), where M(II) is a transition metal, L fixed is a fixed (non-dissociating) ligand, ref* is a reference ligand and An is the analyte. The trimeric cluster ions are readily generated by electrospray ionization (ESI) or sonic spray ionization (SSI). The size of the fixed ligand, L- Phe-Gly-L-P he-Gly, is chosen based on previous results but with the inclusion of aromatic functionality to increase chiral recognition. Improved chiral/isomeric differentiation results from enhanced chiral/isomeric interactions (metal-ligand and ligand-ligand) due to the fixed ligand. As shown in the cases of chiral dipeptides (D-Ala-D-Ala/L-Ala-L-Ala), sugars (D/L-glucose, D/L-mannose) and isomeric tetrapeptides (L-Ala-Gly-Gly-Gly/Gly-Gly -Gly-L-Ala), improved chiral/isomeric discrimination by factors from three to six were obtained by the fixed ligand procedure. Chiral recognition is independent of the concentrations of the analyte, the reference ligand, the fixed ligand and the transition metal salt, a great advantage for practical applications. In addition to increased chiral distinction, the simplified dissociation kinetics also contribute to improved accuracy in chiral quantification, in comparison with data obtained by investigating the dissociation kinetics of simple trimeric cluster ions [M(II)(ref*)2(An) H](+). Accurate determination of enantiomeric excess (ee) is demonstrated by enantiomeric quantification of D-Ala-D-Ala/L-Ala-L-Ala down to 2% ee. Both ESI and SSI allow chiral quantification with similar accuracies. The performance of chiral analysis experiments is not limited to ion trapping devices such as quadrupole ion trap mass spectrometers by a hybrid quadrupole-time of flight (Q-ToF) mass spectrometer is shown to provide an alternative choice. The fixed-ligand kinetic method is not restricted to any particular kinds of isomers and, hence, represents a general procedure for improving molecular recognition and chiral analysis in the gas phase.